
D' FILE COPY

' N
*N UNIVERSITY OF NOTTINGHAM

t DEPARTMENT OF CHEMISTRY
Q

COROSION OF ALUMINIUM ALLOYS BY IRNPA ; I

F.LECTE
Contract No. DAJ 45-89-C-0022 JN 13 1990 

SECOND INTERIM REPORT

October 1989 - March 1990

M.F.A.Dovo and N.Logan (Principal Investigators)

and

J. P. Mauger

Tho ros.arch reported in this document as boon made asiblo

through ho support and sponsorship the U.S. Government th ugh

its Europe n Research Office o the U.S. Army. This report s

intended on ., for the . rnal management use of tho contractor

and the U.S. Government.

Appmod for putIcr~asDL=nuzon Un1ui6d

AP~~~o I (1 l1 3]:rlo~e



REPORT DOCUMENTATION PAGE CNo 0104 .18

lik fttPC;O4 $CUIIY CtAS$4KAb0N lb A111P~CIVE MAR41ft4$

I., SECURITY (EA SeWr1AON AUIiOIY 3 ofTIU?0LAA~SL1 RE PORT

lb ~ ~ ~ ~ ~ ~ ~ ~ ~ V m ftLt5FClOao~r~t~~ r~ or Public Ralcaso

4POISORMING ORGAMEAUON 11EPORT NUIMSER1to S MONITORIN.G AINA110*11 ApoilT NUSSEMto

SA NAME Of P(AlOP.MiNG ORGAMIAT.Oti 65 bOFICE SYMIOL ;a NAME Of MOM10TOING 00RGANIZ1tATI
University of Nottinghm j~ P'~~
Dprtne-nt of Chcmistry ______ ___________________

6C ADDRESS (Cify. Stile. JAnd JPCvd) Itb A0ORLSSICIty. $rurt. 4,-4 xIPcocit
University Park
Nottingham NG7 2Mfl LI~eW

58, NAME OF 11UOINGiSRNSORINGa [b OFFICE SYMBOL 9 1PRO(VA(MINT INSTRUMENT IDENTFCAIMN NUMIR
ORGANIZATION U.S. 1%T1W (FlP 0345- 8 -C 0J
EDiropean Research Office W 4 9-C-02

k,~ ADDRESS (Cort* Srugc. ind ZtPCO*J to SOURCE OF FUNDIN~G NUMBERtS

223/231 Old Krylebone Roid PROGRM PROJECT TASK WORK UWMI

Lond-,,)n M11 5111 WG ELEMENT NO NO NO ACCES%464 NO

11, TITLE (Wntude Sutify C~jUS.AeoNJ

Corrosion of Aluminitxn Alloys by ZRN

12 PERSONAL AUT HORIS)
Davo, Richael r.A., Loqgan1 Noxiwm and fttuger, Jereny P.

13, TYPE OF REPORT lib TIME COVERED 14 DATE Of REPORT fritif.2.orlkti Djr) l~PAGE COUNT
Interim Re prt FROM .89A1 4TO SaL2L2 90/2/24 33

16 SUPWLMENTARY NOTATION

5ISTRC COATiuonIcfj ODE 18~i SUBEC idnIt w (Ltotinue o tts ftter) rdietf yWc ubr

>itt corrosion of 2Ul4 aluinitrn alloy in galled IRwNA has been studied. Six
electrochemical cells have been set up (GA 1-6). E and i have been En-csured
and clectroch'oical ixspedance spectra have be-en recMfid for ?Rrcels.

It has been defnnstrated that 2014 alumini=m alloy undergoes intergranular attack in
gelled IRFN'A. The alloy shcms an initially high corrosion rate which decreases with
exposure.

TIwo surface pretreatmnts, HF/F2 gas treatm-nt and electropolishing and anodising,
have been studied. aNeither had a significant long term effect on the corrosion rate
of 2014 alumninium alloy in galled IRE1NA. .. ~

20. OISTIU8UTIGN /AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
M~UNCLASSIFIED/UNLIMITED 0 SAME AS RPT 0 OTIC USERS

224. NAME OF RESPONSIBLE INDIVIDUAL 22b-TELEPHONE (Incfude AreaCode) 22c. OFFICE SYMBOL

DO FORM 1473.84 MAR 83 APR edition may be used until exhausted SECURITY CLASSIFICATIOR CT THIS PAGE
- .All other editions are obsolete.



corrosion current, corrmion ra~te, interinu1lr atoL zudfaca pro-trvitmemt,
RFl/F3 cps, alectropoliching and mnodising.



r

Abstract

The rorronion ot 2014 aluinium alloy in gollod acid hai bc'n

studiod. Six ooctrochmtical colls have boon :ot up (G 1-6).

Etmf and i.. have boon measurod and oloctrochomical

i,.podono hpoctrA have boon rocorded for tho cols.

It ha. boon doonstr ted that 2014 aluminiu. aloy undergoes

intorgranular attock in galled acid. The alloy shows an initially

high corrosion rate which decreases with exposure.

Two surfaco protroatmonts, IIP/Pa gas trao ont and

oloctropollshing and anodising, have boon studied. Rolt1hor had a

significant long term affect on the corrosion rate of 2014

aluminium alloy in galled acid.
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1. Introdu:tion

Thin seond interimn reort presentsx the roaults of work

carri d out undor the zovized aigroaont of April 1989. The

agreement outl-inad four nreca of rozo~zr~h which can be autworized

as follows:

A) Tho teeraoturo dopononco or the corosion roction of 2014

(3L65) aluminJum alloy in XIFNA.

1) The dovolopmort of an inoxpensivo, donountablo ooctrochemical

coll for mosuring and comparing corrosion rotes ii various acid

Samples.

C) The corrosion rate of 2014 aluminium alloy in gelled acid and

rolated studies.

D) Long term corrosion studios on "as supplied" samples of gelled

acld.

The work carried out under Part A was r'oportod in the first

inteori report (October 1989). (1)

Page 1



2.1 Part U - Demountable Call

The construction of the demountable coil has been delayed in

favour of other priorition. The necensary components for the cell

have, however, boon obtained.

2.2 Part C - Called acid

Four bo~tom-woking electrode coils (I Figure IA) , constructed

from 2014 aluminium alloy, wore rofurbiched and the working

electrode was polshed. The polishing procedure involved grinding

the sample with rour grades of ailicon carbide paper,. polishing on

6pm and Ipm diamond wheels and finally washing in distilled

water And mothcol. The four cells (GA 1-4) wore tot up in October

1989. The cell filling procedure wes:

() The motal components %er* degroesed using

I o 1 2-trichlorootheno.

(ii) The cell body and lid wore assembled and weighed.

(iii) The galled acid was "spooned, into call and packed down

using a stainless steel spatula.

(iv) The cell was assembled and raw eghed, the charge of galled

Acid being determined by difference.

Two additional bottom-working electrode cells (GA E and 6)

have boon set up containing galled acid. Tho working electrodes

were pol.shod and the coils waro assembled in November 1989 and

January 1990, respectively.

GA5 was pretroatod with IIFI/F (latm, 24 hours, 2SoC). GA6
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was aloctropolishcd and anoisod. The electropolinhig solut.;on

uned wans a mixture of 150910w °, sodium carbonate and $09/dm, 1

sodium phosphate In doloniood water. The conditions were S0oC,

GAdm-', 14V. The anodiuing solution was 1swt% sulphuric acid And

the conditions were 25oC, 1 Mwm, 12V. The anodic oxide film

waS scaled in delonised water (30 minutes, >80oC).

The details of the six calls are listed in Table 1

Table I

Coll Dato Daco Pretreatment Charge of
Code set up dismantled gollod acid/9

GA2 23/10/89 06/11/89 None 16.44
GA3 24/10/89 None 16.64
C,4 24/10/89 None 16.32
GA S 15111/89 lIF/F 13.97
GAG 19/01/90 EloctropolLshed and 16.08

Anodize d

Co, and I,,,, data have boon obtained for the six

calls (Figures 1-12).

Surface studios of 2014 aluminium alloy before and aft r

treatmont with galled acid have boon Initiated. Six coupons are to

be investigated by X-ray photooloctron spoctroscopy (XPS) and six

coupons axe to bo invcstigated by Auger electron spectroscopy

(AES). The twelve coupons (2 x 1cm) were cut from a 2mm thick

shoot of 2014 aluminium alloy and polished.

Details of the treatment of the coupons are 4a follows:

(i) polished blanks (4 coupons).
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(Ui) Immersion for 8 days in galled acid and d:iod in a stream

of nitrogen (4 couponz;.

(IiI) Imersion for 8 days In golied acid and washed in water (4

coupons).

The four coupons in (iWi) above are to be water washed in

order to remove traces of galled acid on the motal surface. The

silica in the gal is insulating and when left on the surface may

cause charging which makes it difficult to record accurate X-ray

photooloctron or Auger electron spectra.

2.3 Part D -Long term studios

Calls GA3 and G4M have boon assigned to the study of the long

torm stability of galled acid in 2014 aluminium alloy

electrochemical calls.
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3. Introduction to Elacocfic! XImpedanco Spectroecopy

The main electrochmicl technique used to monitor the calls

was Cectrochemicl Impodeance Spectroscopy (E.I.S). The theory and

so*Q of the applications of the technique have boae wall reviewed.

(2-51 E.Z.S. provides information on a range of processes

which may occur in an electrochemical cell irncluding charge

transfer reactions, surface films, adsorption and diffusion

processes.

The electrochemical call s excited using a small amplitude

A.C. signal (usually lOV) and the roponse is measured over as

largo a frequency range as possible (typically 10-2 to 10' li:).

A small amplitude A.C. signal is necessary to provide a linear

response; at higher amplitudes the response is complicated by the

presence of harmonics.

The A.C. response obtained can be analysed by representing the

processes occurring in the cell as an equivalent circuit. Each

process can be represented by a combination of electrical

components such as resistance (R), Capacitance (C), Inductance

(L). The overall A.C. response of the cell can be modeled using a

suitable combination of these components.

The frequency region in which the A.C. response, duo to a RC

component, is measured is determined by the time constant (1) of

that component.

RC

Provided the time constants of the processes occurring the in
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I

'ie col ave suuffcontly rodolved in magnitude it will b

pusoiblo to resolve the contibution made to the A.C. rosponue by

oach individual process and a complete description of the

corrosion reaction may be obtained.

The impodanco of the system tends to the D.C. resistance at

low frequencies. 11onco, E.I.S. may b used to obtAin valuo for

i tf1f.

There are many possible ways to display the A.C. data. The

most commonly "mployed are the Bod* and Nyquist plots. In the Bodo

plot the magnituda and phase of the impodanco are plotted against

the frequency. In the Vyquist plot the real tnd imaginary parts of

the impedance arc plotted against each other. Those plots permit

the calculation of the vaues of the equivalent circuit componont*

(Figures 13 and 14), and uard in combination maximise tho

Information available from the tochniquo.

pi
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4. Discussion - Part B

In the view of the results obtained In Parts C and D, it is

recomsnded that technical discussions should be hold with Dr. U.

Allon,in order to decide whether the construction of the

demountable cell should remain a priority under the current

program.

S. Discussion - Parts C and D - Cells GAI-4

Cells GAl and GA2 have boon dismantled. Cell GA2 was

dismantled after 14 days following 3.ea&age through the lid.

5.1 Ewe: (Figures 1-4)

The E, values showed a sharp fall in the first twelve

hours after each cell was set up. This was consistent with a film

thinning process. The initial fall in Etr was assigned to

the breakdown of the air formed oxide film on the aluminium

surface. The E,.m values all first levelled off at around

-650mV after ca. 10' minutes (7days). E,,,, then became

more 3nodic, levelling off, after ca. 1.3 x l0' minutes (ca. 90

days), at between -540 and -510imV. The steady increase in

Eg,,; over this period was probably due to the growth of a

film of corrosion products on the surface of the metal.

5.2 it"rr: (Figures 7-10)

The ier values recorded immediately after sottJng up the

calls were found to be of the order of 5 x 10-2 A.'-. After

an induction period of about 1.4 x 10, minutes (10 days) the

it,, values began to decrease steadily and after 1.3 x 10'
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minutes (90 days) were in the range 2-5 x 104 AMr1 .

S"5.3 Electrochemlcal Impedance Spectra

Two Bodo plots obtained, for cell GAI, after 1.4 x 10'

minutes (1 day) and 1.3 x 10' minutes (92 days) respectively

(Figures 15 and 16) wore compared.

The spectrum obtained after I day showed two mrin features:

(1) The main time constant, occurring at ca. 101 I1:. This was

assigned to the oxide film on the metal su:faco.

(ii) An inductive feature at low frequencies. This type of

feature is often associated with an adsorption process on the

surface.(SI It is proposed that the inductive behaviour is duo

to the formation of an alumino-silicato complex at the

oxide/galled acid interface.

The spectrum obtained after 92 days showed an additional

feature to those observed after 1 day. A new time constant was

observed at ca. 511Z. This was attributed to a film formed as

insoluble corrosion products built up on the metal surface.

The low frequency limit of .be spectra (i.e. polarisation

resistance) increased from 1.7 kq after I day to 131 kp after 92

days. The high frequency limit (i.o solution rnsistance ) also

increased from 4p to 340g. The increase in the polarisation

resistance has been assigned to the blocking of the corrosion

reaction by insoluble corrosion products. The increase in the

solution resistance indicates a depletion of charged species

around the electrodes.
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5.4 Optical Hicroscopy Coll GAI was dismantled after 92

* days. The working electrode from call GAl was examined using

optical microscopy at 200X magnification.

The grain structure of the metal was obuerved. The main

structure consisted of long thin parallel grains. This typo of

structure is produced when the grains are deformed during the

working of the alloy. A secondary structure of smallor grains

was also observed inside the largo grains. Those smallor grains

were probably the result of a partial rocrystallisation of the

metal.

Largo numbers of pits were observed ort the surface of the

metal. These pits were largely confined to the grain boundaries.

On careful examination of the pits it was possible to discern

grain structure at the bottom of some of the pits. This indicatca

that the pits had boon formed by grains falling out of the metal

surface. Thus the corrosion that had occurred was mainly

intorgrannular attack.

Intorgrannular attack can produce a largo weight loss for a

relatively small amount of electrochemical corrosion. The

falling out of grains from the metal surface is a physical process

and hence is not detected electrochemically. The localised nature

of the attack also made the calculation of accurate iw,

values difficult. The ier values quoted were calculated

assuming that the corrosion rate was equal over the entire

surface. This was clearly not the case. In order to establish the
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I
corrosion rate at the grain boundaries it would be necessary to

measure tho arca they occupy on the metal surfDco. ilowevoer, it is

still Fossible to uZO i.,, values to compare cells and

evaluate protroatmonts.

6. Discussion - Part C -Coll GAS

Coll GAS was protroated wil.'h IIP/F, (lain, 25oC, 24hours).

6.1 Etmr: (Fig9ure 5)

E..1 increased from an initial value of -7SOmV after 2

minutes to -65OmV after ca. 10, minutes (7days) The values

remained constant for a further 2 x 10, minutes (14 days).

Subsequently Et,, increased again.

The initial increase was assigned to reaction of the fluoride

in the film with silica in the gel. After 7days, i.e once the

initial reaction was complete, the E.r changes have shown a

similar pattern to those observed for calls GA 1-4 (no

pretreatment).

6.2 i,,,,: (Figure 11)

it,, increased rapidly during the first 10, minutes (7

days) as the protective fluoride film was broken down. im,

rose more slowly during the next 2 x 10, minutes (14 days) bafore

'alling again as the corrosion products built up.

After 7 days the cell showed the same pattern of behaviour as

cells GA 1-4. The HF/F, pretreatment produced a protective film.

However, this film only had a lifetime of about 7 days in gelled

acid.
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7. Discussion - Part C - Cell GAG

The cell was eloctrepoi ihad in a sodium carbonate/ sodium

phosphate mixture (14V, 6Adm', 80oC), anodisod In sulphuric

acid (12V, iAdm', 25oC) and sealed in dolonised water (30

minutes, 80oC).

7.. . ,,,: (Figure 6)

The cell showed the same pattern or £.,, changes As

calls GA 1-4.

7.2 itm,: (Figure12)

The it.. values obtained during the first day were about

half those obtained for cells GAI-4 In the same period. After the

first day the call showed the same pattern of behaviour as colls

GA1-4.

These results indicate that eloctropolishing and anodising

produces an oxide rilm on the surface which is only slightly more

resistant to attack by galled acid than the air-formed oxide film

present on the surface of the untreated cells. (GAI-4)

8. Conclusions

The corrosion rate of 2014 aluminium alloy in gelled acid is

initially high. The Lour values obtained are comparable to

those obtained for this blloy in RPNA. The corrosion rate then

decreases due to the build up of insoluble corrosion products. The

corrosion was intergranular with grains of metal being dislodged

from the surface.

Both the pretreatments attempted so far appear to have been
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unsucosr-iil. Both provide only a vory short term decrease in the

corrosion rate.

9. Future Work

It is proposed that a weight loss study should be carried out

on coupons of 2014 aluminium alloy in gelled acid, so that the

results m.y be compared with those m asurementa obtained to date.

I in also planned to investigate the use of:

(a) phosphoros (V) oxide as a zoluble inhibitor.

(b) a molybdate dip as a surface pretreatment.

(c) preconditioning with CIFI, the curontly accepted surface

-protroatment.
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